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Summary 


The presence of vestigial serrula on the ventral edge of the cheliceral movable finger is established for vaejovid 
genera Paravaejovis, Paruroctonus, Smeringurus, and Vejovoidus. Detailed descriptions and SEM images 
illustrating the various manifestations of this interesting cheliceral structure are provided for many species of these 
four genera. A brief systematic overview of this structure as it exists in Recent scorpions is also presented. 





Introduction 


Surprisingly, the reporting of cheliceral serrula in 
Recent scorpions has been somewhat sporadic, its 
primary references, when present, occurring in the 
families Vaejovidae and Superstitioniidae. However, in 
family Vaejovidae, presence (or absence) of serrula was 
not consistently reported by many scorpion systematists 
(see Graham & Fet, 2006, for a detailed history of these 
reports). 

Since Stockwell’s (1989) unpublished Ph.D. 
dissertation, the consensus has been that serrula is absent 
in the related vaejovid genera Paravaejovis, 
Paruroctonus, Smeringurus, and Vejovoidus. Stockwell 
(1989: 91) states: “... Among the Vaejovinae and 
Syntropinae, the genera Paravaejovis, Paruroctonus, 
Smeringurus, and Vejovoidus lack a serrula. ...”; and, 
consistent with this statement, Stockwell (1992: 408) 
further states that “... Vejovoidus shares several 
potential synapomorphies with  Paruroctonus 
(Smeringurus) ... and Paravaejovis ... the absence of 
ventral serrula on the movable finger of the chelicera...” 
His key to the families and genera of North American 
scorpions (Stockwell, 1992: 416) says in the second part 
of couplet 11: “... inferior surface of movable finger of 
chelicera lacking a serrula ...,” which delineates, in part, 
the four genera Vejovoidus, Paruroctonus, Paravaejovis, 
and Smeringurus (couplets 17 to 19). Since Stockwell 
(1989: figs. 251, 257) hypothesized the presence of 
serrula to be a plesiomorphic character of Vaejovidae, 
the “apparent” loss of serrula in these four related genera 


was considered to be synapomorphic. This issue is 
discussed later in this paper. 

Contrary to current opinions being held today, 
however, we demonstrate in this paper that the four 
listed genera do indeed exhibit vestigial serrula, and in 
some cases even well developed serrula. And yet, in 
other cases, we see a very reduced serrula, if it is present 
at all. Although serrula, as illustrated in this paper, has 
been detected in all four subject genera, its occurrence is 
surprisingly sporadic in some species, where we see no 
serrula, serrula with reduced tines (i.e. “teeth”), and even 
serrula exhibiting a single tine. Therefore, it is not 
surprising that serrula has not been reported before in 
these four genera due to its somewhat sporadic 
occurrence as documented herein. 

Although a detailed survey using SEM microscopy 
of serrula as it occurs in Recent scorpions is presently 
being conducted (Brewer et al., in progress), this paper 
will concentrate only on serrula as it exists in four 
related vaejovid genera Paravaejovis, Paruroctonus, 
Smeringurus, and Vejovoidus. Therefore, this effort is a 
continuation of the evaluation and systematic revision of 
scorpion family Vaejovidae (see previous publications in 
this ongoing analysis: Soleglad & Fet, 2003, 2005, 2006; 
Fet et al., 2006a, 2006b; Graham, 2006). 


Methods & Material 


The presence of serrula in these four genera was 
discovered using SEM microscopy, which is crucial for 
the detection of this small delicate structure in some of 


the studied species. In those species where serrula is 
more developed, in particular in the genus Smeringurus, 
the structure was detectable using a regular dissection 
microscope. For this study 80 SEM images were studied 
spanning 16 species of the four subject genera. 

The systematics adhered to in this paper is current 
and therefore follows the classification as established in 
Fet & Soleglad (2005) and as modified by Soleglad & 
Fet (2006). 


SEM microscopy 


To investigate scorpion serrula, the structures were 
sonicated in water, and then dehydrated in an ethanol 
series (50, 75, 95, and two changes of 100%) before 
being dried and coated with gold/palladium (ca. 10 nm 
thickness) in a Hummer sputter coater. Digital SEM 
images were acquired with a JEOL JSM-5310LV 
Scanning Electron Microscope at Marshall University, 
Huntington, West Virginia. Acceleration voltage (10-20 
kV), spot size, and working distance were adjusted as 
necessary to optimize resolution, adjust depth of field, 
and to minimize charging. 


Abbreviations 


List of depositories: GL, Personal collection of 
Graeme Lowe, Philadelphia, Pennsylvania, USA; MES, 
Personal collection of Michael E. Soleglad, Borrego 
Springs, California, USA; VF, Personal collection of 
Victor Fet, Huntington, West Virginia, USA. 

Other: ABDSP, Anza-Borrego Desert State Park, San 
Diego and Riverside Counties, California, USA. 


Material examined 


The following vaejovid material was examined for 
analysis, SEM microscopy, and/or illustrations provided 
in this paper. 


Genera Paravaejovis, Paruroctonus, Smeringurus, 
and Vejovoidus: Paravaejovis pumilis (Williams, 1970), 
Ciudad Constitución, Baja California Sur, Mexico, 2 3 
(MES); Paruroctonus arnaudi Williams, 1972, El 
Socorro, Baja California, Mexico, 1 3 1 juv. topotypes 
(MES); Paruroctonus becki (Gertsch et Allred, 1965), 
Joshua Tree National Monument, California, 1 Y 1 juv. 
(MES), San Bernardino Co., California, USA, 5 Y 1 juv. 
(VF); Paruroctonus boreus (Girard, 1854), 3 d, 
Worland, Wyoming (VF); Paruroctonus gracilior 
(Hoffmann, 1931), Cuatro Ciénegas, Coahuila, Mexico, 
2 3 (MES), Lordsburg, Hidalgo Co., New Mexico, 
USA, $ (GL); Paruroctonus luteolus (Gertsch et 
Soleglad, 1966), Palo Verde Wash, ABDSP, California, 
USA, Y (MES); Paruroctonus silvestrii (Borelli, 1909), 
Chihuahua Road, ABDSP, California, USA, £ (MES); 
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Paruroctonus stahnkei (Gertsch et Soleglad, 1966), 
Mesa, Maricopa Co., Arizona, USA, $ (MES); 
Paruroctonus surensis Williams et Haradon, 1980, Las 
Bombas, Baja California Sur, Mexico, 3 (MES); 
Paruroctonus utahensis (Williams, 1968), Kermit, 
Winkler County, Texas, USA, 1 9 2 ĝ (VF); 
Paruroctonus ventosus Williams, 1972, El Socorro, Baja 
California, Mexico, 3 topotype (MES); Smeringurus 
aridus (Soleglad, 1972), Palo Verde Wash, ABDSP, 
California, USA, 2 3 1 Q 1 juv. (MES); Smeringurus 
grandis (Williams, 1970), Oakies Landing, Baja 
California, Mexico, 2 Y 1 9 (MES), Bahia de Los 
Angeles, Baja California, Mexico, 9 (VF); Smeringurus 
mesaensis (Stahnke, 1957), Palo Verde Wash, ABDSP, 
California, USA, PY (MES), San Bernardino Co., 
California, USA, 3 juv. (VF); Smeringurus vachoni 
immanis (Soleglad, 1972), 1000 Palms, Riverside Co., 
California, USA, $ (MES); Vejovoidus longiunguis 
(Williams, 1969), Las Bombas, Baja California Sur, 
Mexico, 3 3 2 9 2 juv. (MES), Vizcaino Desert, Baja 
California Sur, Mexico, 1 4 2 9 (VF). 

Additional vaejovid comparative material: 
Pseudouroctonus andreas (Gertsch et Soleglad, 1972), 
Chariot Canyon, ABDSP, California, USA, 3 (MES); 
Serradigitus gertschi gertschi (Williams, 1968), Chariot 
Canyon, ABDSP, California, USA, ° (MES); 
Serradigitus joshuaensis (Soleglad, 1972), Indian Gorge, 
ABDSP, California, USA, ° (MES); Serradigitus 
minutis (Williams, 1970), Cabo San Lucas, Baja 
California Sur, Mexico, FP (MES); Stahnkeus 
subtilimanus (Soleglad, 1972), Split Mountain, ABDSP, 
California, USA, 9 (MES); Uroctonites huachuca 
(Gertsch et Soleglad, 1972), Huachuca Mountains, 
Cochise Co., Arizona, USA, 3 (MES); Vaejovis 
confusus Stahnke, 1940, San Bernardino Co., California, 
USA, 3 (VF); Vaejovis globosus Borelli, 1915, 
Zacatecas, Zacatecas, Mexico, Y (MES); Vaejovis 
gravicaudus Williams, 1970, Santa Rosalia, Baja 
California Sur, Mexico, 2 (MES); Vaejovis intrepidus 
cristimanus Thorell, 1876, Acatlán, Jalisco, Mexico, Y 
(MES); Vaejovis magdalensis Williams, 1971, Los 
Aripes, Baja California Sur, Mexico, 4 (MES); Vaejovis 
puritanus Gertsch, 1958, Jasper Trail, ABDSP, 
California, USA, ĉl (MES); Vaejovis viscainensis 
Williams, 1970, Las Bombas, Baja California Sur, 
Mexico, Y (MES). 


Serrula: its location and structure 


Serrula is located on the ventral surface of the 
cheliceral movable finger. It is a comb-like structure 
emanating directly from the cuticle. It is aligned 
essentially parallel to the ventral edge of the movable 
finger and, depending on the species, can extend for 
most of the length of the ventral edge or just exist only 
on the distal one-third (or less) of the finger. Serrula 
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(Figs. 1-4) is composed of two components, the back 
which emanates directly from the cuticle and extends 
along the finger edge, and the tines which form “spike-” 
or “tooth-like” structures extending perpendicularly 
from the back towards the finger edge and slanting 
slightly towards the distal aspect of the finger. The tines 
do not touch the finger surface but instead angle 
outwards from the finger/back juncture (roughly 30 ° in 
Stahnkeus subtilimanus; see Graham & Fet, 2006, fig. 
4), the distal tips of the tines being the farthest from the 
finger surface. 

As can be seen in Figures 1-5, the size and form of 
the back and tine structure, as well as the number of 
tines, vary considerably depending on the scorpion 
group, genus, and/or species. In addition, as we show in 
this paper for the first time, the serrula structure is 
variable within a species (even within a specimen), 
especially where it is very vestigial, as in some of the 
genera discussed here. 

When the serrula tines are sparse (i.e., not forming a 
contiguous structure), their individual backs become 
larger and wider, and the tines also are wider at the base 
and then quickly narrow to a sharp distal tip (Figs. 4-5). 
Typically, if the tines are contiguous they also are longer 
and narrower at the base (Figs. 1-3, 5). 


Serrula in genera Paravaejovis, Paruroctonus, 
Smeringurus, and Vejovoidus 


We have documented serrula in the four genera 
discussed in this paper; however, the consistency of its 
presence, its form, its degree of preservation, and 
number of tines can vary considerably (see Table 1 for a 
complete set of statistical data on serrula presence and 
absence). However, common to all four genera is the 
unique single line of setae, which we call a setal brush 
(Fig. 1, 6, 8, 10-11, 14, 18-19, 21, 24, 26, 28, 30-38, 
40, 42, 44, 46, and 49) that is located on the basal half of 
the cheliceral movable finger and extends distally 
towards and in line with the proximal end of the serrula. 
Generally, individual seta are directed towards the distal 
denticle of the movable finger. Depending on the 
species, this setal brush can be quite sparse exhibiting 
only two or three setae. We discuss this in more detail 
below for the individual genera. 


Paravaejovis: Serrula in Paravaejovis (Figs. 5, 6-9) 
is weakly developed, exhibiting 3-6 tines. The serrula 
begins proximally, at the middle of the movable finger 
and, depending on the number of tines, extends to the 
distal one-fifth of the finger, just before the distal 
denticle abruptly curves. Tines are situated sparsely 
within the serrula, with approximately one tine width 
space between them. The individual tines are variable in 
shape, depending on their density. In the individual with 
six tines (Figs. 6-7), the tines are somewhat elongated, 
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the back forming a wider and rounded connection to the 
finger surface. In the individual with only three tines 
(Figs. 5, 8-9), the tines are shorter and their base wider, 
accommodating the expanded back. Due to the wide 
back and shorter tine, the tine abruptly narrows to a 
sharp distal point. The basal setal brush is limited to a 
few setae (five shown in Fig. 6), though directly in line 
with the serrula, and does not extend close to the 
proximal end of the serrula. 

Paruroctonus: A great variability in the density of 
serrula tines exists in the genus Paruroctonus (Figs. 1, 5, 
10-25), ranging from zero to seven tines (based on the 
examination of ten species). Serrula was not observed in 
P. gracilior (three specimens, five chelicerae) or P. 
boreus (three specimens, five chelicerae). Two tines, 
located distally just before the curving of the distal 
denticle, were detected in P. luteolus (Figs. 5, 19), one 
considerably smaller than the other. The larger tine, 
though somewhat small, was elongated and sharp. 
Accompanying these tines is a very reduced setal brush 
comprised of two setae which was situated quite basally 
on the finger edge. In P. ventosus (Fig. 18) and P. 
silvestrii (Fig. 21), we identified two tines, in both cases 
located just before the curving of the distal denticle. In 
P. silvestrii, the setal brush is somewhat extensive, 
comprised of eleven setae, and terminates close to the 
proximal end of the serrula. In P. becki (Figs. 5, 14-17), 
we detect 0-5 tines, and in P. utahensis (Fig. 24-25), 
three tines, again located distally just before the curving 
of the distal denticle. The tines in both these species are 
sparsely populated with spacing roughly half the width 
of a tine. The tines in P. becki shown in Figs. 14-17 
exhibit very wide backs and abruptly taper into very fine 
sharp points. The setal brushes in these two species 
extend somewhat close to the proximal end of the 
serrula. In P. arnaudi we located five blunted tines 
obviously showing some wear. The setal brush on this 
species was well developed, comprised of 14 setae 
terminating quite close to the proximal end of the 
serrula. Seven tines were detected in P. surensis (Figs. 5, 
20) and P. stahnkei (Figs. 22-23), in both cases located 
distally just before the curving of the distal denticle. The 
tines in P. surensis were closely arranged into two 
clusters separated by a gap approximately the width of 
four tines. The majority of these tines were elongated, 
thin, and sharp, and presented the most developed 
example of serrula so far detected in Paruroctonus. 
Seven tines in P. stahnkei were also positioned in close 
proximity, but were considerably worn down, in general 
only the backs were observable. See Table 1 for a 
complete list of the number of tines detected for each 
species of Paruroctonus. 


Smeringurus: Serrula in the genus Smeringurus is 
by far the most developed among the four genera studied 
in this paper so that the term “vestigial” may be an 
overstatement. The setal brush in this genus is also more 
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developed, exhibiting up to 28 setae in the material 
examined. These setae are sometimes aligned in two or 
more rows basally, but usually occur as a single row 
from mid-finger on, in line with the serrula. Smeringurus 
grandis (Figs. 5, 26-33) has a relatively developed 
serrula with tine numbers ranging 4-15 and in general 
closely positioned. As in other species in our study 
group, in serrula with a smaller number of tines, the 
tines are shorter, with wider backs, and sparsely 
positioned. For example, the specimen with 15 tines 
(Figs. 26-27) exhibits narrower backs and longer, 
thinner tines. In S. mesaensis (Figs. 5, 42-45) we see a 
moderately developed serrula, showing 1-10 closely 
arranged tines. The tines in these examples are 
somewhat blunted due to wear. Smeringurus aridus 
(Figs. 34-39) and S. vachoni immanis (Figs. 40-41) 
exhibit the most developed serrulae of the four studied 
genera. In these two species, we documented generally 
closely arranged tines numbering as high as 21 for S. 
aridus and 24 for S. vachoni immanis. In all cases where 
the tines were not worn or blunted, they were elongated 
with narrow backs. 

Vejovoidus: For genus Vejovoidus (Figs. 5, 46-49) 
the term “vestigial” may be an understatement because 
the majority of specimens examined, involving two 
localities, adults, subadults and juveniles, lacked serrula 
completely. Only in one specimen (out of eleven) was 
serrula located, with one tine on one chelicera, and two 
tines on another. These tines were long and thin, with 
relatively narrow backs (Figs. 46-48). In Fig. 49 we 
illustrate a chelicera without serrula which should be 
compared to Fig. 46 where one tine is visible. It is 
interesting to note that the setal brush is significantly 
more developed on the specimen without serrula 
(showing sixteen setae) and they extend over the area 
where serrula is usually found, to the point where the 
distal denticle begins to curve. 


Serrula development in Vaejovidae 


Tables 1 and 2 provide statistical data on serrula 
presence in the four subject genera of this paper. Table 1 
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Figure 5: Examples of serrula tines in 
genera Paruroctonus, Smeringurus, Vejo- 
voidus, and Paravaejovis showing the 
great variety in their overall structure. 
Note that all tines slant towards the distal 
aspect of the cheliceral movable finger, 
and, in these examples, their distal tips are 
not blunted or broken. 


provides a list of all specimens examined using SEM 
microscopy (50 specimens and 80 chelicera in total), 
detailing exactly how many tines per serrula were 
observed on each chelicera, if any. These data were 
discussed in general terms above under the individual 
genera. 

Table 2 introduces a “metric” for determining the 
relative development of a serrula. As is apparent from 
the discussion of individual serrula development in the 
four genera provided above, the degree of development 
is quite variable, anywhere from a single tine to a 
complete contiguous line of tines exceeding 20 in 
number. We propose to quantify the serrula development 
with a Serrula Development Quotient (SDQ). The SDQ 
1s based both on the density of tine placement within the 
serrula as well as the number of tines. We define density 
as the percentage of area occupied by the tines in the 
serrula, as measured on a SEM image. If the tines are 
contiguous (i.e., there are no gaps between tines), the 
SDQ = 1.0. The most developed serrula under this 
scheme, would be a serrula with all tines positioned 
contiguously (i.e., a density of 1.0). Thus, a SDQ value 
is reduced if the density is less than one. 

Table 2 shows that genus Smeringurus has a 
reasonably well developed serrula; of our eight examples 
shown in this table, six have contiguous tine placement. 
The number of tines is also the largest found in four 
studied genera, especially in S. aridus and S. vachoni 
immanis, where numbers range 13-24, and tines are also 
contiguous (i.e., density of 1.0). Genus Paruroctonus, 
though exhibiting considerable variability within 
species, has weak but usually present serrula. In general, 
the tines in this genus are not contiguously positioned, 
density ranging from 0.653-1.0 (average 0.855) and the 
number of tines ranging from 2-7 (based on eight 
species where  serrula were detected). Genus 
Paravaejovis exhibits a reduced serrula with 3-6 tines 
occupying less than half of the serrula length (average 
density 0.467). Genus Vejovoidus exhibits the least 
developed serrula where in the only example where 
more than one tine was present (two were detected), they 
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Specimen #, Age / Gender Locality * Tines 
Paravaejovis pumilis 1, male Ciudad Constitución -/6 
2, male Ciudad Constitución 3/- 
Vejovoidus longiunguis | 1, female Vizcaino Desert 0/0 
2, subadult female Vizcaino Desert 1/2 
3, female Las Bombas 0/0 
4, subadult male Vizcaino Desert 0/0 
5, subadult female Las Bombas 0/0 
6, subadult male Las Bombas 0/0 
7, subadult male Las Bombas 0/0 
8, juvenile Las Bombas 0/0 
9, juvenile Las Bombas 0/0 
10, subadult female Las Bombas 0/0 
11, female Vizcaino Desert 0/- 
Smeringurus aridus 1, male ABDSP, California 22/21 
2, male ABDSP, California 17/- 
3, juvenile ABDSP, California 13/8 
4, juvenile female ABDSP, California 8/12 
Smeringurus grandis 1, male Oakies Landing 6/- 
2, female Bahia de Los Angeles 15/13 
3, juvenile male Oakies Landing 4/4 
4, juvenile female Oakies Landing 6/8 
Smeringurus mesaensis | 1, female ABDSP, California 3/- 
2, juvenile San Bernardino Co., California 1/- 
3, juvenile San Bernardino Co., California 10/- 
4, juvenile San Bernardino Co., California 6/- 
Smeringurus v. immanis | 1, female 1000 Palms, California 24/- 
Paruroctonus arnaudi 1, male El Socorro 5/3 
2, juvenile El Socorro 3/- 
Paruroctonus becki 1, female San Bernardino Co., California 5/- 
2, female San Bernardino Co., California 3/3 
3, juvenile Joshua Tree, California 1/- 
4, female Joshua Tree, California 4/3 
5, female San Bernardino Co., California 2/2 
6, female San Bernardino Co., California 0/0 
7, female San Bernardino Co., California 1/2 
8, juvenile San Bernardino Co., California 3/1 
Paruroctonus boreus 1, male Warland, Wyoming 0/- 
2, male Warland, Wyoming 0/0 
3, male Warland, Wyoming 0/0 
Paruroctonus gracilior 1, male Cuatro Ciénegas 0/0 
2, male Cuatro Ciénegas 0/- 
3, juvenile Lordsberg, New Mexico 0/0 
Paruroctonus luteolus 1, female ABDSP, California 2/2 
Paruroctonus silvestrii 1, male ABDSP, California 2/2 
Paruroctonus stahnkei 1, female Mesa, Arizona 7/- 
Paruroctonus surensis 1, male Las Bombas 7/- 
Paruroctonus utahensis 1, male Kermit, Winkler Co., Texas 0/- 
2, female Kermit, Winkler Co., Texas 3/- 
3, male Kermit, Winkler Co., Texas 6/7 
Paruroctonus ventosus 1, male El Socorro 2/- 





Table 1: Serrula development in genera Paravaejovis, Vejovoidus, Smeringurus, and Paruroctonus (16 species, 50 specimens, 


80 individual chelicerae screened by SEM). * See Material Examined section for exact locality data. 
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Density*Number 
of Tines = SDQ 
Paravaejovis pumilis 0.464*3 = 1.39 
0.469*6 = 2.82 
Vejovoidus longiunguis 0.364*2 = 0.73 
Smeringurus aridus 1.0*13 = 13 
1.0*21 =21 
Smeringurus grandis 0.840*4 = 3.36 
0.738*6 = 4.43 
1.0*15 = 15 
Smeringurus mesaensis 1.0*6 =6 
1.0*10 = 10 
Smeringurus v. immanis 1.0*24 = 24 
Paruroctonus arnaudi 0.953*5 = 4.76 
Paruroctonus becki 0.782*3 = 2.35 
Paruroctonus luteolus 1.0*2 = 2.0 
Paruroctonus silvestrii 0.725*2 = 1.45 
Paruroctonus stahnkei 0.882*7 = 6.17 
Paruroctonus surensis 0.653*7 = 4.57 
Paruroctonus utahensis 0.846*3 = 2.54 
Paruroctonus ventosus 1.0*2 =2 
Pseudouroctonus andreas 1.0*22 = 22 
Stahnkeus subtilimanus 1.0*37 = 37 
Serradigitus gertschi 1.0*27 = 27 
Serradigitus joshuaensis 1.0*21 = 21 
Serradigitus minutis 1.0*22 = 22 
Uroctonites huachuca 1.0*31 = 31 
Vaejovis confusus 1.0*11=11 
Vaejovis globosus 0.918*10=9.18 
Vaejovis gravicaudus 1.0*21 = 21 
Vaejovis intrepidus 1.0*15 = 15 
Vaejovis magdalensis 1.0*19 = 19 
Vaejovis puritanus 1.0*16 = 16 
Vaejovis viscainensis 1.0*15= 15 














Table 2: Serrula Development Quotient (SDQ). Density = 
space occupied by tines / serrula length (i.e., longitudinal 
distance along cheliceral movable finger). A density equal 
1.0 implies that the tines are contiguously aligned in the 
serrula without gaps. Samples with only one tine are 
excluded from this table. Data presented on genera 
Paravaejovis, Vejovoidus, Smeringurus, and Paruroctonus 
based on Figures 6-49. 


were separated from each other by more than three tine 
widths. This genus, based on the limited data, had the 
smallest density (0.364). 

It is important to demonstrate here that serrula is 
indeed less developed (ie. “vestigial”) in the four 
discussed genera than in other Vaejovidae. Table 2 
provides a good representation of other vaejovid genera 
as well as Vaejovis groups, which generally have 
contiguous tine placement and a considerably higher tine 
number, especially in those genera and groups that have 
been characterized by “well developed serrula” (see 
Soleglad $ Fet, 2005: 5-6; Graham & Fet, 2006). We 
also observe a trend in closely related species (i.e., 
members of the same genus or Vaejovis group) where 
the larger species have higher numbers of tines than 
smaller species. For example, in tribe Stahnkeini, a large 
species Stahnkeus subtilimanus has 37 tines, whereas 
smaller species in its sister genus Serradigitus have 
lower tine numbers, e.g. S. joshuaensis and S. minutis 
with 21 and 22, respectively, (these are some of the 
smallest species in Vaejovidae). At the same time, 
Serradigitus gertschi, a larger species than the former 
two, has 27 tines. Two closely related species, a larger 
Uroctonites huachuca and a smaller Pseudouroctonus 
andreas, have 31 and 22 tines, respectively. The number 
of tines found in the “eusthenura” and “punctipalpi” 
groups of Vaejovis is smaller than in the genera just 
discussed, which is again consistent with the 
characterization of their serrula as “moderately 
developed.” 


Observations on Serrula Evolution 


Stockwell (1989) has presented the only cogent 
cladistic analysis incorporating the cheliceral serrula in 
Recent scorpions. Stockwell (1989: 148-149, figs. 251, 
256, 257) modeled serrula in Recent scorpions with 
three characters (37-39), together forming an additive 
binary complex. Character-37 represented the derivation 
of serrula, occurring twice in Stockwell’s cladogram 
(1989: fig. 251) for the clades Superstitioniidae + 
(Iuridae (= luroidea) + Vaejovidae) and Chactidae. 
Characters 38-39 represented independent loses of 
serrula for clades (Caraboctonus + Hadruroides) + 
(Hadrurus + Anuroctonus [the latter now placed in 
Chactidae]), members of luroidea, and Paravaejovis + 
(Smeringurus + Vejovoidus + Paruroctonus), members 
of Vaejovidae, the subject of this paper. 

The evolutionary picture of serrula in Recent 
scorpions is more complicated now since Stockwell’s 
(1989) original analysis: (1) the recently discovered 
relict scorpion Pseudochactas Gromov, 1998, basal to 
all Recent scorpions, exhibits serrula (Soleglad & Fet, 
2003: fig. 49; Graham & Fet, 2006: fig. 1); (2) genus 
Chactopsis, which exhibits serrula (Soleglad & Sissom, 


2001: figs. 134, 140), is now placed in family 
Euscorpiidae; (3) genus Anuroctonus, which does not 
exhibit serrula, is now placed in family Chactidae; (4) 
superfamily Iuroidea (= luridae sensu Stockwell, 1989) 
is now considered basal to superfamilies Scorpionoidea 
and Chactoidea in parvorder lurida (Soleglad & Fet, 
2003: fig. 114); and (5) related vaejovid genera 
Paravaejovis, Paruroctonus, Smeringurus, and Vejo- 
voidus exhibit vestigial serrula, as reported in this paper. 

Based on the current classification of Recent 
scorpions, as established in Soleglad & Sissom (2001: 
fig. 211) and Soleglad & Fet (2003: fig. 114), the most 
parsimonious scenario of serrula evolution would be as 
follows. Serrula could be either plesiomorphic in all 
Recent scorpions and then lost at the Buthida node (i.e., 
Pseudochactas inherits ancestral serrula), or serrula 
absence could be plesiomorphic in all Recent scorpions, 
and derived independently in Pseudochactas. From this 
point in the phylogeny, serrula evolves independently in 
family luridae and in superfamily Chactoidea; serrula is 
then lost in family Euscorpiidae and in genus 
Anuroctonus (Chactidae); and finally serrula is derived 
in genus Chactopsis (Euscorpiidae) —a total of six 
steps if serrula evolution is modeled as a single two-state 
derivation, exhibiting high homoplasy (1.e., CI = 0.167). 
If three independent derivations of serrula are modeled 
as separate characters, or as separate states if one 


character, (a reasonable hypothesis since these 
derivations occur in three separate superfamilies, 
Pseudochactoidea, Iuroidea, and Chactoidea), the 


homoplasy is reduced and restricted only to Chactoidea. 
In Stockwell’s (1989) interpretation, if we model the 
serrula character as a single two-state derivation (not as 
three characters as proposed by Stockwell), we have four 
steps (CI = 0.250). One has to remember, comparing 
these two examples, that at the time of Stockwell”s 
(1989) analysis, Pseudochactas had not yet been 
discovered and the presence of vestigial serrula in 
related genera Paravaejovis, Paruroctonus, Smerin- 
gurus, and Vejovoidus was not known. 

As a final note, it is important to stress here that the 
over generalized  characterizations of  serrula 
development as “vestigial,” “moderately developed,” or 
“well developed” must be replaced with more detailed 
and precise quantifications. We believe that the 
breakdown of the serrula into back and tine structure, 
number of tines, and their density is a beginning to a 
further refinement of this delicate structure. In line with 
this, we also suggest (as hypothesized by Soleglad & 
Fet, 2004: 84) that the setal brush occurring basally on 
the ventral aspect of the cheliceral movable finger is 
related closely to serrula development in Recent 
scorpions and must be factored into the study of serrula. 
These issues are currently undergoing further analysis 
(Brewer et al., in progress). 


Euscorpius— 2006, No. 49 


Acknowledgments 


We thank Graeme Lowe, Matthew Graham, 
Douglas Gaffin, and Elizabeth Fet for the generous gift 
of specimens used for SEM study. We also extend our 
gratitude to Matthew Graham and Frantisek Kovarik for 
reviewing this paper. 


References 


FET, V. & M. E. SOLEGLAD. 2005. Contributions to 
scorpion systematics. I. On recent changes in high- 
level taxonomy. Euscorpius, 31: 1-13. 


FET, V., M. E. SOLEGLAD, M. S. BREWER. 2006a. 
Laterobasal aculear serrations (LAS) in scorpion 
family Vaejovidae (Scorpiones: Chactoidea). 
Euscorpius, 45: 1-19. 


FET, V., M. E. SOLEGLAD, M. S. BREWER, D. P. A. 
NEFF & M. L. NORTON. 2006b. Constellation 
array in scorpion genera Paruroctonus, Smerin- 
gurus, Vejovoidus, and Paravaejovis (Scorpiones: 
Vaejovidae). Euscorpius, 41: 1-15. 


GRAHAM, M. R. 2006. Redescription and lectotype 
designation of Vaejovis lapidicola Stahnke, 1940 
(Scorpiones: Vaejovidae). Euscorpius, 46: 1-6. 


GRAHAM, M. R. & V. FET. 2006. Serrula in 
retrospect: a historical look at scorpion literature 
(Scorpiones: Orthosterni). Euscorpius, 48: 1-19, 


SOLEGLAD, M. E. & V. FET. 2003. High-level 
systematics and phylogeny of the extant scorpions 
(Scorpiones: Orthosterni). Euscorpius, 11: 1-175. 


SOLEGLAD, M. E. & V. FET. 2004. The systematics of 
scorpion subfamily Uroctoninae (Scorpiones: 
Chactidae). Revista Ibérica de Aracnologia, 10: 81— 
128. 


SOLEGLAD, M. E. & V. FET. 2005. A new scorpion 
genus (Scorpiones: Vaejovidae) from Mexico. 
Euscorpius, 24: 1-13. 


SOLEGLAD, M. E. & V. FET. 2006. Contributions to 
scorpion systematics. II. Stahnkeini, a new tribe in 
scorpion family  Vaejovidae (Scorpiones: 
Chactoidea). Euscorpius, 40: 1-32, 


SOLEGLAD, M. E. & W. D. SISSOM. 2001. 
Phylogeny of the family Euscorpiidae Laurie, 1896: 
a major revision. Pp. 25-111 in Fet, V. & P. A. 
Selden (eds.). Scorpions 2001. In memoriam Gary 


Fet et al.: Vestigial Serrula in Vaejovidae 


A. Polis. Burnham Beeches, 
Arachnological Society. 


Bucks: British 


STOCKWELL, S. A. 1989. Revision of the Phylogeny 
and Higher Classification of Scorpions 
(Chelicerata). Ph.D. Thesis, University of Berkeley, 
Berkeley, California. 319 pp. (unpublished). 


University Microfilms International, Ann Arbor, 
Michigan. 


STOCKWELL, S. A. 1992. Systematic observations of 
North American Scorpionida with a key and 
checklist of the families and genera. Journal of 
Medical Entomology, 29(3): 407-422. 


"ENNLIOS 
SOJEIIPUI ,.S,, ‘SOUT ADIU) SULMOYS ‘epos JO dnosojo pue LIMY “z-oren “6 Y 8 `əseq IOSUIJ UO YSNIQ [EJOS pəonpəi oY} AON “SOUL XIS SULMOYS “E[NIJOS JO dnosojo pue grootjouyo 
“TAPA “Lo 9 “ODIXO]N “INS BIUIOJNBJ efeg “UOIONNISUOJ PEPNIJ ew “sipnund SIMOLDDADADJ W EMIS SUIMOUS “MOTA [EIUDA IZU ojqgaow [EIDDI]DUJ 26-9 SƏNI 


arirritr Unas 


ZIPREIT YABS = Sb i oe S = 


6t ON “9007 —SN/A10ISNF 





“ernires SOJLOTPUI ,.S,, *ə[onuəp [LISIP JO aseq ye 
LPNS TEISIP JO o[IJOId SULMOYS VIDOI[OYO JUSLI JO MOTA [BUJOJXH "ET “USNIQ [E]9S JO MOJ OY} YUM DUI] UI AT[EISTIP SINODO LINIIOS JEU) 2JON “SOUL ƏAU UHA VIONJO 179] uo VINES JO 
sdnaso]9 9AISSIDINS SMOYS "ZI-OT “OMXINA “ertuoji[eƏ eleg “0110908 [A QLU #pnpuap SNUOJIOANADF UL BINIIOS SULMOYS MITA JEHUDA “IOŜUIJ ALAU [LINPP :ç]—0] SOANBLI 


AZtrel te YABBT 


AJ 


>> 


LI 


ABPIAO[DBA UI BIN-LISS [BIBHSJA TE 39 Jay 





"E[NIIOS sojeoTpuI „„S,, (SOUT DAJU) UIIA p1oor]əuo 
Yd] UO E[NIIOS JO SdNISO[O DAISSIDINS SAVUS "LI 29 91 “USNIQ [ejos JO MOJ DY) QHA oun] UI K[[EISIp SINODO P[NITOS JEU) DION “SOUD SOIT] YIM eroopoyo IYF UO LINIIOS JO sdnəso[o 
JAISSODONS SMOUS “ST W PL “VSN “PIUIOJNEJ “oO ourpreuroq UES “OJEWUOJ “1/22Q SNUOJIOANADF W E[NIIOS BUIMOUS “MOTA [ENUA FUY I[QLAQUI [EIDITAUJ :LT-pT S9ANSIH 


6b ON “9007 —SN/d.1095N3 





*e]n.1198 sajeorpui ,.S,, 
“soun OM) SUIMOUS “WS LUIL) “ISG9V “Pro enyenylyD ALW “1149524]18 SNUOJDOANADJ “TZ `SƏun UDADS BUIMOUS “ODIXAJN “INS BIUJOJN[E7 leg ‘sequiog SP] “pew “siSUaANS 
SNUOJIOANADE "OZ `usniq [9198 poonpoJ Afpowanxe UB JON “Soun OM) Burmous YSNA “EIUIOJNEJ “ISGAgv SEM PRA O[EJ LWY “snjoaynj snuojpomang “6T SIUN OM) SULMOYS 
“ODIXAJN “EIUIOJIJEJ eleg “OJIODOS [A “O[EUIOJ. ‘snsojuaa SNUOJDOANADJ “SY “SNUOJDIOANADJ SNUIF DY) WI E[NIIOS SUIMOUS “MOTA [EIJUVA “IOŜUIJ o]qvAOW PLIM “IZ-ZI SIMS 


Te “det 


bopo rip ri BAT 


ABPIAO[DBA UI BIN-LISS [BIBHSJA :“[8 39 Jay 





“erniros sojeorpur ,.S,, ‘SIUN 
9914) SULMOYS “epnmos JO dnosofo pue LINI YSN “SEXOJ, “oO IUM uros LWIA “S1SUAYDJN SNUOJDJOANADJ “ST 29 pT “Soun pojun[g uas SUIMOUS “E[NIJOS jo dnosojo pue 
LIIMI “VSN “BUOZIIY “ESI]N “SJBWOJ “12yUYDJS SAUOJDOANADJ “ET Y TI SNUOJDOJNADJ SNUIF DY) UL P[NIIOS SULMOYS MALA [BUDA “IOSUIJ A[QEAOLI [BIDANAJYI :SZ-ZZ SIANBSLI 


6t ON “9007 —SN/d 1095N3 





“R[NLIOS SOJEOIPUI „„S,, “IOSUIJ DY) JO SU1JIJ-291U] peseq 9U) uo usniq [ejos podojoAop [PA 
OY} ON ‘SoU XIS SUIMOYS “E[NIIOS JO dnoso[o pue LIIMI “ODTXOJAJ “EIUJOJN[EJ] eleg “BuipueT SILO ‘ALN "62 Y 87 “sour podojoaop AjqeueA ç SULMOUS ‘epos JO dnosojo pue 
wIPPTAUO “ODIXOJA “EIUJOJN[E7 [eg “sə[əSuv SOT op Leeg LWA "LZ Y 97 'SIPUDAS SNANSULIDMS UL GNIS BUIMOYS “MOTA JEHUDA “IOSUIJ A[QEAOLI [LIONO 162-97 SDIINSLI 


ILEPO ÍIV A UI BI[NLIDS [BIBHSJA "EB 99 Jay 





"E[NLIOS sojeotput ,.S,, ‘SOUT 991) SULMOYS 
“LIONJOYO YO] "EE OFU DU) JO SUJJLJ-OJJU) [eseq ayy uo ysnaq [EPS PIdOJLAIP [PAM AY 3JoN `səun podeys AjrenBoaunr moj YIM « 


ABRI “ZE-OE “ODIXAN “LIUIOJNEJ eleg 


BINS Jo sdnəso|o 9AISSIDINS SULMOYS BADOT[SYO 
“SuipueT SIVO “few ə[ruəAn[ “SIPUDAS SNANSUIADUIS ut CMIS SUIMOYS “MOTA EHUA FUY O[QRAQUI LIOMO :EE-QE S9AMSIA 


6t ON “9007 — SN/A.J025NF 





“SOUD 9A]9M] SUIMOUS LIOMA ISL “Z-AJNUDAN[ "LE W OE `səoun pə)un[q Jo dreys uy} YIM EINIIOS BUIMOUS LIONI 
YO] “I-ƏltuəAnrí "SE W PE “VSN PWOPO ASAAV USEAM PIA O[EJ SAWANT “snpiuo SNANBULAAWG ut E[NLIAS SULMOYS “MOLA [BIJUDA “IoSug A[QEAOUU LIONO ¿LEPE SIAMSIA 


rf una 


IBPIAO [98 A UI BIN-LISS [VISISIA TE 39 JOY 





“epnaros sojeorpuI ,.S, “J93UIY DU) JO SUYIJ-391U] [ESEO oui uo USNIG [ejos pəodo|əAəp [[9M A} ION `səun pz SUIMOUS enas JO dnosopo 
pue ereonouo “YSN Lope) ‘sued 0001 EWY “Siupwun 1UOYIDA SNANSULADUIS "Ip W Qp ‘SOU uəyoirq ro/pue pajun]q [Z SUIMOUS ‘emos JO dnosojo pue erootpouo “WS 
RIUIOJILO ASAAV USEM PIRA Med ‘RU! ‘SNPLUD SNANSULIOUY "GE WP YE “SNANSULIIMS SNUIF DY) UL BINDS SULMOYS MOTA [BIJUDA “IOSUIJ o]qgAOW VINNA :]p-8ç SANS 


osx nao “GN 


EZèÈrITb Wa 


6t ON “9007 — SN/A.J025NF 





"UIS SOJBOTPUI ,.S,, ‘SIUN JUNTO jeymounos XIS SUIMOUS “dnaso[o pue gI *ç-əjtuəAní 
“Sp 2 pp “Soun POULIOJ [TENSOJN UO) Surmoys dnosojo “Z-oprusAnp “ep “oun O[SUIS YIM /(||eJuozuou pousife oejos JO MOI O[SUIS ayi VON “oun pəlunq ouo Burmous LIMAY 
“I-opusAnp “ZÈ YSN “eruojipe9 “oO OUIPIEUJAJ UES “So]iuSANf 9910) JOJ SISUDDSDW SNANSULIAWG ut B[NIIOS SULMOYS “MOTA [BUDA OFU I[QLAQUI LIMAO :Sp—Zp SIANSIH 


r UdHT 


Z22PPIP WAOBI 


ƏEDIAOÍƏEA UI BIN-LISS [BIBHSJA TE 39 JOY 





“R[NLIOS SOJEOTPUI ,.S, ‘MOI O[SUIS E UI PULIOJ YSNIQ Tejos snonordsuoo E pue E[NIIOS JO 
22425qD ayi SULAOUS eu ynpeqns “Gp ‘SOU PoJEIUOJA OM) SUIMOUS LINJI JYSII TViouwnnads owres “gp “oun pouvdreys ATYSIY ozeBuofo ouo SUNIGIYXd ens SUIMOYS LIIMI 
yo] “opevuoj ANPeqNS “Lp 9 Op “ODIXAN COJE ELEZ “JJ0SIQ OUIBIZIA “SINBUNIBu0] Snp1040/24 ut E[NAIAS BUIMOUS MATA [BIJUDA “IOSUIJ A[QBAOUI PRMD :Gp—9p S9ANSIA 


6) 
Ts T S Nik K 


6t ON “9007 —sn/dao52sn3 





